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TECHNICAL PAPER

ANALYSIS OF JIMSPHERE PAIRS FOR USE IN ASSESSING
SPACE VEHICLE ASCENT CAPABILITY

I. INTRODUCTION

A. Introductory Remarks

The physical characteristics of the Earth are the result of the interaction between many processes.
The transfer of the energy and momentum within the Earth atmosphere and oceans and the absorption
of solar radiation produce the terrestrial climate in which we live. The terrestrial part of the aerospace
environment has been defined as being from the surface of the Earth to about 90 km. In considering
the design and operation of aerospace systems, one should remember that 99 percent of the Earth
atmosphere is below 30 km and 50 percent is below approximately 7 km altitude. Therefore, the major
structural and control system forcing functions, insofar as the environment is concerned, occur in the
lower layers of the atmosphere.

With the advent of high flying rockets in World War 1II, the need to know more about the aero-
space environment became a necessity as we moved toward the goal of progressive accumulation of
knowledge concerning space and space travel. In striving for this goal, we have gone from the V-2s to
the Space Shuttle, but by spanning this bridge, much has been learned about the composition and struc-
ture of the atmosphere and space.- It is known that the atmosphere is structured with a troposphere,
in which most weather occurs and within which the temperature generally decreases with altitude, extend-
ing from the surface to approximately 13 km and a stratosphere from approximately 13 km to approxi-
mately 48 km in which initially the temperature is essentially constant then increases. Above the tropo-
sphere and stratosphere, the mesosphere exists from approximately 48 km to approximately 80 km
altitude in which the temperature increases. An electrically charged ionosphere extends from the upper
part of the stratosphere to approximately 966 km.

B. Background Information

Atmospheric phenomena play a significant role in the design and flight of aerospace vehicles and
in the integrity of the associated control systems and structures. Environmental design criteria are impor-
tant inputs and major building blocks for any aerospace vehicle development. They are based on
statistics and models of environmental phenomena relative to various aerospace industrial, test, and
vehicle operational launch locations [1]. The design parameters are scaled to show the probability of
reaching or exceeding certain limits determined by the mission requirements and desired operational
lifetime for the aerospace system of concern.

Careful assessment of the natural environment operational requirements in the early stages of an
aerospace vehicle development program will be advantageous in developing a vehicle with a minimum of
mission constraints. For those areas of the environment that need to be monitored prior to and during
tests and operations, this early planning will permit development of the required measuring and commu-
nication systems for accurate and timely decisions for deployment of the aerospace system.



For environmental (terrestrial or space) extremes, there is no known physical upper or lower
bound except for certain conditions; for example, wind speed does have a strict physical lower bound
of zero. Therefore, for any observed extreme environment condition, there is a finite probability of it
being exceeded. Consequently, environmental extremes for design must be accepted with the knowledge
that there is some risk of the values being exceeded. Also, the accuracy of measurement of many
environmental parameters is not as precise as desired. In some areas, theoretical model estimates of
extreme values are believed to be more representative than those indicated by empirical distributions from
short periods of record. Therefore, values derived from detail modeling studies are given considerable
weight in selecting design values for some parameters, i.e., the peak surface winds [2].

Aerospace vehicles are not normally designed for launch and flight in severe atmospheric condi-
tions such as hurricanes, thunderstorms, and squalls. Atmospheric parameters associated with these con-
ditions, which would be hazardous to aerospace vehicles if operated under these conditions, include ground
and inflight winds, wind shears, turbulence, icing conditions, and electrical activity. Guidelines provide
information relative to these severe environmental characteristics, which may be included in design studies
if required, but most often would be considered, if safeguards to avoid encountering these conditions can
be developed. For civilian missions, this is more practical than for military operations. A trade-off system,
costs versus operational safety and flexibility, is often required.

The wind data to be presented in this document are focused on information below 20 km in the
so-called terrestrial environment. Specific aerospace vehicle natural environment design criteria are not
normally specified in the appropriate organizational space vehicle design ground rules and design criteria
data documentation. References are given for the environmental design information referred to as terres-
trial and the space planetary environments [3,4,5]. The data are based on conditions which actually
occurred or are based on statistical or physical models for a longer reference period than the available
data base.

A knowledge of the Earth atmospheric environmental parameters is necessary for the establish-
ment of design requirements for aerospace vehicles and associated equipment. Such data are required to
define the design condition for fabrication, storage, transportation, test, preflight, and inflight design
conditions and should be considered for both the whole system and the components which make up the
system [6].

Good engineering judgment must be exercised in the application of any environmental data to
aerospace vehicle design analysis. Consideration must be given to the overall vehicle mission and per-
formance requirements. Knowledge still is lacking on the relationship between some of the environmental
variates which are required as inputs to the design of aerospace vehicles. Also, interrelationships between
aerospace vehicle parameters and atmospheric variables cannot always be clearly defined. Therefore, a
close working relationship and team philosophy should exist between the design/operational engineers
and the aerospace meteorologists and space technologists of the respective organization. Although,
ideally, an aerospace vehicle design should accommodate all expected operational environmental condi-
tions, it is neither economically nor technically feasible to design space vehicles to withstand all environ-
mental extremes. For this reason, consideration should be given to the protection of aecrospace vehicles
from some extremes by use of support equipment and by using specialized environment-monitoring per-
sonnel to advise on the expected occurrence of critical environmental conditions. The services of
specialized monitoring personnel may be very economical in comparison with more expensive designing
which would be necessary to cope with all environmental possibilities.

As a rule, environmental criteria guideline documents do not specify how the designer should use
the data in regard to a specific aerospace vehicle design. Such specifications may be established only
through collaborative analysis and study of a particular design problem.
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The environment in which an aerospace system must operate consists of natural and induced
forces. The induced environment is the environment which is a result of the system being present.
The natural environment is the environment existing naturally and undisturbed in the presence of the
system.

Induced environments (vehicle caused) may be more critical than natural environments for certain
vehicle operational situations, and in some cases the combination of natural and induced environments
will be more severe than either environment alone. Therefore, induced environments and natural environ-
ments must be considered in the final analysis.

Wind data given in this document were formulated based on discussions with engineers and experi-
menters involved in aerospace vehicle development and operations; therefore, they represent the response
to actual engineering problems and are not just a general compilation of wind data.

Inflight winds constitute the major atmosphere forcing function in aerospace vehicle and missile
design [7]. A frequency content of the wind profile near the beginning mode frequencies, wind shear
with the characteristics of a step input, may exceed the vehicle structural capabilities (especially on for-
ward stations for the small-scale variations of the wind profiles). Wind profiles with high wind speeds
and shears exert high structural loads at all stations on a large space vehicle, and when the influences of
bending dynamics are high, even a profile with low speeds and high shears can create large loads. Because
of the possibility of launch into unknown winds, operational missile systems must accept some inflight
loss risk in exchange for a rapid-launch capability [8]. But research and development aerospace vehicles,
in particular, cost so much that the overall success of a flight often outweighs the consideration of launch
delays caused by excessive inflight wind loads. If the exact wind profile detail structure could be known
in advance, it would be a relatively simple task to decide upon the launch date and time. However, there
is little hope of accurately predicting the detailed wind profile very much into the future. Over the
years, these situations have increasingly put emphasis on prelaunch monitoring of inflight winds. Finally,
prelaunch wind profiles determination techniques essentially preclude the risk of launching an aerospace
vehicle or research and development missile into an inflight wind condition that would cause it to fail.

The development and operational deployment of the FPS-16 Radar/Jimsphere System (Fig. 1)
significantly minimized vehicle failure risks when properly integrated into a flight simulation program.
Figure 2 shows an example of the jimsphere profile data. The jimsphere sensor (Fig. 3), when tracked
with the FPS-16 or other radar with equal tracking capability, provides a very accurate “all weather”
detailed wind profile measurement. In general, the system provides a wind profile measurement from
the surface to an altitude of 17 km in slightly less than 1 hr, a vertical spatial frequency resolution of

1 Hz per 100 m, and an RMS error of about 0.5 msec™! for wind velocities averaged over 50-m intervals,
The resolution of these data permits calculating the structural loads associated with the first bending
mode and generally the second mode of missiles and space vehicles during the critical high dynamic
pressure phase of flight, This provides better than order-of-magnitude accuracy improvement over the
conventional rawinsonde wind profile measuring system. However, the recently developed Meteorological
Sounding System (Fig. 4) in use at some test ranges approach the wind profile resolution accuracy of the
jimsphere system and may be adequate for many prelaunch monitoring requirements. By employing the
appropriate data transmission resources, a detailed wind profile from the FPS-16 radar can be ready for
input to the vehicle flight simulation program within a few minutes after tracking of the jimsphere.
The flight simulation program provides flexibility relative to vehicle dynamics and other parameters in
order to make maximum use of the detailed wind profiles [9].
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Figure 2. FPS-16 Radar/Jimsphere profile data.
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If very critical wind conditions exist and the mission requirement dictates a maximum effort to
launch with provision for last-minute termination of the operation, then a contingency plan that will
provide near real-time wind profile and flight simulation data may be employed. This can be done while
the jimsphere is still in flight.

To provide the data for this research, an FPS-16 Radar/Jimsphere Wind Profile Program was con-
ducted to gather 3.5-hr, 7-hr, and 10.5-hr pairs of jimsphere profiles at Kennedy Space Center, Florida.
The objectives of this research were to evaluate the accuracy and representativeness of quantitative radar
wind profile data, to investigate the data variability of detailed winds aloft containing systems of a scale
smaller than that normally detected from rawinsonde data, and to investigate the structure and dynamics
of the atmosphere associated with space vehicle (Shuttle) launches.

The data reduction process de,scribed’ in Section II utilizes increased knowledge of parameters,
techniques, and improved computational ‘methods. The governing wind equations, their solution proce-
dure, and computations/process are briefly reviewed.

Section III deals with the jimsphere data samples obtained for this investigation and the results
of the statistical analysis performed. In-plane and out-of-plane wind profile component data observed
during STS missions were used to calculate 3.5-hr component differences. A discussion is presented of
how each STS case compares with statistical values calculated from the research sample.

Section IV presents major conclusions from the results of this effort.
Il. DATA REDUCTION PROCESS

A. Introductory Remarks

The purpose of the Jimsphere Wind Conversion Program is to compute 1-sec velocity data from
0.1-sec slant range, azimuth, and elevation data as observed while continuously tracking the jimsphere
balloon with the FPS-16 radar unit at 0.1-sec time intervals. The equations used in editing the data to
obtain the lsec Y (altitude), H (rise rate), W, (zonal), and W, (meridional) velocity components are

presented. Figures, tables, and discussion of program procedures are also included {10].

The program-generated time is defined as a monotonic increasing array of points in time, equally
spaced by 0.1 sec. An analysis of time as recorded by the FPS-16 radar unit while tracking the jim-
sphere balloon revealed that tracking time recorded erroneously in some cases because of tracking errors
or magnetic tape faults. Since possible discontinuities in time could arise from such erroneous record-
ings of tracking time, the actual tracking time is used only as a reference and the program-generated time
array is used in computations fo prevent discontinuities. Time, when referred to in this report, should
be regarded as program-generated time unless noted otherwise,

The first phase of program development, sometimes called a predicting phase, is concerned with
eliminating errors in data that were induced by tracking errors or tape unit faults such as bit-dropping
during initial recording of data. These induced errors, characterized as “‘stray” points and data gaps are
thoroughly discussed by DeMandel and Krivo [10].

The raw data are edited by using computed least-squares coefficients in fitting the data through
nine values in a floating array. Mid-point estimates and extrapolated look-ahead estimates are computed
for replacement of values which are out of tolerance. These values are used to compute 0.1-sec velocities
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by transforming slant range, azimuth, and elevation from a spherical coordinate system to a rectangular
coordinate system whose origin is at the radar center. The 0.1-sec velocity data are fed through a 55-
point Martin-Graham low-pass filter and 1-sec velocity data are output except when a data gap is
encountered. The smoothing interval is based on the standard deviation of the data. The altitude data
are first differenced to yield the rise rate and then zero-meaned by the use of a second degree least-
squares curve fitting procedure. The variance of the resultant values is calculated and is used in deter-
mining the smoothing interval with a maximum of 21 points.

The method for smoothing is computing a running mean over the computed NW (smoothing
interval) points of the altitude data. This method will cause NW/2 points to be lost in the beginning and
end of each file and gaps of greater than 20 sec. If gaps are less than or equal to 20 sec, the gap is
filled using the point on each side of the gap and linearly interpolating between them. If gaps are greater
than 20 sec, the smoothing interval is computed and data are smoothed up to the gap. The gap is
skipped and computation of a new interval begins. This data is converted from time-dependent measure-
ments to space-dependent measurements by computing 5-m and 25-m velocity data from the time-
dependent smoothed altitude and unsmoothed velocity data. Using the smoothed 1-sec altitude array,
interpolated wind velocity components in 5-m altitude increments are computed from the 5-m data by
using a 39-point interval Martin-Graham low-pass filter. The output is printed and written on magnetic
tape.

B. Master Reduction Process and Equations
This program is the most important in the data reduction process since it computes winds from
the raw radar data. Figure 5 shows the steps of the data reduction process. The meteorological and
statistical bases for the developments in this process are given in References 11 and 12.
The equations used in the jimsphere data reduction process along with an appropriate explanation
are given. This program is identical to those used by other U.S. government test ranges to process jim-
sphere data. The equation used in each step of the program is given.

1. Least-Square Linear Curve Fit Computations

Interpolation. (Range, azimuth, elevation):

9
Z RANGE(N)
_N=1 . .
RINT = 5 {average over nine points) | 1N
9
D, AZIMUTH(N)
N=1
AINT = 5 @)
9
Z ELEVATION(N)
N=1
EINT = 5 3)
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Figure 5. Flowchart of the FPS-16 Radar/Jimsphere master reduction process.
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If values of interpolated R, A, and E are different from the actual midpoint values of R, A, and E by
tolerance of 15 yards, 0.03 deg, and 0.03 deg, respectively, then the interpolated value replaces the actual
midpoint,

Extrapolation.
R,A,EEXT = AO + Al C))
9
2 My
N=1
Ag=—F5— )

where M is R, A, and E, respectively.

0
= | X Moy x Tay| x 166666666 ©6)

Al = —_
TINT | No

where T(N) = -0.4, 0.3, -0.2, -0.1, 0, 0.1, 0.2, 0.3, 0.4, and TpnT = 2. If values of extrapolated R, A,

and E are different from the tenth point values by 100 vards, 0.15 deg, and 0.15 deg, respectively, then
the extrapolated value replaces the actual tenth point. The tolerances of the extrapolated and inter-
polated phases can be changed. Recycles through 360 deg in azimuth are taken care of automatically.

2. 0.1-Sec Velocity Computations

0.1-sec velocity components Wx (zonal), WZ (meridional), and H (rise rate) with the associated

Y (altitude) are computed from the 0O.1-sec R, A, and E data, Transformations of slant range, azimuth,
and elevation are made from spherical coordinates to a rectangular coordinate system. The equations
for determining X, Y, and Z, (subscript ¢ denoting with respect to the Earth curvature) are:

X

- -1 3 ..
X: = Rp tan —-—YS " RE (positive east) 0
1 [ Zs
Z_ = Rg tan” , (positive north) t3)
E
C L[st + (Ys + RE)2] 1/2
Y= X222 (Y Rp)?11/2 - R (positive upward) )
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where Rp, the radius of the Earth at the Eastern Test Range, Cape Kennedy (6, 373, 334 m), is con-
sidered to be that of a spherical Earth, and:

X =p cos @ sin ¢ (positive east) (10)
Z,=p cos @ cos ¢ (positive north) (11)
YS =psin @ (positive upward) . (12

where p is slant range (m), R, 6 is elevation (radians) E, and ¢ is azimuth (radians) A.

In the case of elevation angles greater than 90 deg, the following relationship should be used:

sin (180° - 8) =sin E 13)

cos (180° - 8) = -cos E (14)

From equations (7), (8), and (9), 0.1-sec velocity components are computed using the following relations:

1
Wy =— (X -X

XK~ 2At ( og+1 ek (15)
H, = | Y Y ‘) 16
K7 2At “Tek+1 T CK-1 (16)
YK=YCK a7

where At = 0.1 since the data are equally spaced by 0.1 sec.

3. 1-Sec Velocity Calculations

I-sec velocity components, Wy (zonal), WZ (meridional), H (rise rate), and Y (altitude) are com-

puted from the 0.1-sec velocity components using a Martin-Graham low-pass filter. Fifty-five weights
are applied over a 55-point interval so that the points are equally weighted on either side of the mid-
point to produce a mirror image. For example, the weights for points 1 and 55 are the same, 2 and 54
are the same, etc. These weights were chosen since they provide a desirable frequency response. These
weights are presented in Table 1.

19



where w;

20

TABLE 1. WEIGHTS USED TO OBTAIN SMOOTHED 1-SEC VELOCITY DATA

Points Weight Points
( 1.55) -0.00170115 (15.41)
( 2.59) -0.00335008 (16.40)
( 3.53) -0.00509943 (17.39)
( 4.52) -0.00685550 (18.38)
( 5.51 -0.00850874 (19.37)
( 6.50) ~0.00993790 (20.36)
( 7.49) -0.01101528 (21.3%)
( 8.48) -0.01161294 (22.34)
( 947 -0.01160935 (23.33)
(10.46) -0.01089632 (24.32)
(11.45) -0.00938536 (25.31)
(12.44) -0.00701636 (26.30)
(13.43) -0.00375300 27.29)
(14.42) 0.00038329 (28.28)

Weight

0.00536330
0.01109891
0.01746935
0.02431932
0.03146420
0.03869666
0.04579480
0.05253129
0.05868300
0.06404076
0.06841865
0.07166239
0.07365641
0.07432916

The equations used to determine the l-sec Y (altitude) and velocity components W, (zonal),
Wz (meridional), and H (rise rate) are the following:

27
Y = wygYiso7 +Z wi(Yig427 ¥ Yigj+27)
=1
27
Wx; = @28Wxi197 +; OjWxi 5427 * Wiipia07)
J=
27
Wz = w28W2isgy +; @i Wz 5407 * Waii407)
J:
27
Hy = wygHjyg7 + Z wj(Hij+27 + Hitj427)
=1

i is the weights, j =1, 2, ... 28 andi= 1, 11, 21 ..., etc.

(18)

(19)

(20)

(21)



4, Determination of Smoothing Interval

N = [3.56 oy 2 22
Nw=z[N‘;1] £1 @3) -

2

The brackets indicate the integral portion of the quantity, oy ¢ is the variance, and NW is the number
Z

of points in the interval over which the values are smoothed. The smoothing interval is allowed a maxi-
mum of 21.

5. Second Degree Least-Squares Curve Fit of Rise Rate

Wz = Ag+ Apt + Agt? | 24)

K
1 A
Ag==—5 2 Vg [1 - i2 E] (25)
[ A ] =K

1 cer
Ap= g Z Wy, (26)
i=-K
K
1 2 M A
Anq= i€ e - —] Wg, 27
5 v Z [ - B} z @7
At2 M- — 1——K
B
where
M = 201
M-~1
K=———=100
2
100

AF =2 ) i2= 676,700
i=1
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100
BF =2 ) i%=4, 100, 666, 660

i=1
M

5 = 0490, 164, 2,017 x 1077
A -7
= = 0.165, 021, 9,479 x 10

A2
[M -5 | = 89329, 647, 84

6. Smoothing of Altitude
1. Fit 200 consecutive values of W5 to a second-degree polynomial.

2. Compute the variance of Wz(awzz) from

1 200
2. _ 2
W, T 200 ZT Wairaw ~ Vicurvefit) (28)
1=
3. Compute N = [3.56 oy 2 (brackets [ ] denote integer portion):
z
N+1
NW=2[ ) ]+1 3K<NW<<21 (29)

4. Use NW to determine the size of the smoothing span for the next 201 - (NW - 1)/2 consecu-
tive points. Then use the next 201 consecutive points to determine a new NW,

7. 5-m Velocity Computations

The procedure for deriving velocity data values as a function of height requires the use of inter-
polation. Accordingly, an initial value of altitude (which is a multiple of 5 m) is determined using the
first smoothed 1-sec altitude value, and from that initial value the corresponding velocity components
(zonal, meridional, rise rate) are computed using linear interpolation as a function of the time at which
the altitude was reached. Similarly, the next altitude value is the previous value plus 5 m, etc. until 5-m
velocity data have been computed from all the 1-sec velocity data.

A criterion for determining the first value of altitude used in computing 5-m data was developed
to enable the 25-m data to be computed from the 5-m velocity data at integral multiples of 25 m. Once
the initial 5-m altitude value has been determined, a table is made within the 1-sec data to find the nearest
lsec altitude measurements surrounding the 5-m altitude value. The time of occurrence of the 5-m altitude
is then computed using the relation:
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t Y1, 1 -Yig

n-1

1
Tg= —— (30)

Yl -Yip g |T,  YI,-Yls

where t, = th1 T 1 and Zn—-l < Zs < Z,. Using Tg, the zonal, meridional, and vertical components
associated with Tg are computed from the following general relation:

fa-1 a1 - Ts

1
> th = Th fh th-Ts
which reduces to:
fs =t - fh-1) (T5 —ty-1) + {1 (32)

since t, = t, | + 1. The quantities f, and f _; are values of the le, w3 P’ and H; l-second com-

ponents surrounding f 5

8. 25-m Velocity Calculations

Using 5-m wind velocity data as previously described, the 25-m velocity data may be computed.
Thirty-nine weights are used to obtain 25-m velocity data using the Martin-Graham low-pass filter tech-
nique where points 1 and 39, points 2 and 38, etc., are equally weighted (Table 2). The general
equations used in the Martin-Graham low-pass filter technique for the 25-m computations are as follows:

m
w = w;(W +W )+ w W (33)
225 JZ-; PP 4m “Sitjlm mH s v «
m
Hys =Z; WjHs, FHs O omyHs (34)
J=
m
W = w;(Wy +W Yt w W, (35)
X55 E il X51-j+m X5i+j+m m+l X5i+m

where w; is the weights j = 1, 2, ..., m+1 and where m = (number of weights/2) and [ ] denotes integral

portion.
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TABLE 2. WEIGHTS USED OVER A 39-POINT INTERVAL TO
COMPUTE 25-m VELOCITY DATA

Points Weight Points
( 1.39)  0.31609500E02 (11.29)
(238)  0.46590200E-02 (12.28)
( 3.37)  0.54903200E°02 (13.27)
( 436)  0.50246700E02 (14.26)
( 5.35)  0.27815200E02 (15.25)
( 6.34)  -0.13689400E02 (16.24)
( 7.33)  -0.70447600E02 (17.23)
( 832) -0.13284600E01 (18.22)
( 9.31) -0.18611820E0! (19.21)
(10.30)  -0.21240690E0! (20.20)

9. Scalar Velocity Equations

Scalar velocity is computed by:

=Wy 2+W, .21/2
V25 ( X25 WZZS\ )

Wind direction is computed by:

-1 Wx .
¢ tan W + quadrant correction
z

The quadrant correction is determined from the signs of Wy and W_-

Weight

-0.19400450E01

-0.11719670E01
0.24096200E02
0.22573790E01
0.47256220801
0.73969890E01
0.99595700E01
0.12087210E-00
0.13494444E00
0.13986549E00

7"

WX+ Wx_
360 - 0 180 -0
W, Wyt
W+ W.—
X 0+ 180 X 0
WZ+ wZ_
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11l. DATA ANALYSIS PROCESS

A. Introductory Remarks

For years the problem of wind (gust and turbulence) measurements for use in establishing design
inputs for airplanes has been well-known and accepted. This continues to be a significant problem area
for the airborne or cruise-type vehicles which do not change altitude very fast. However, for vertically
or near vertically rising vehicles, the wind shear or wind profile, which defines the gross change in wind
speed with altitude, is also of considerable importance in addition to the turbulence influence. Therefore,
the problem is to measure and define the physical and statistical properties of wind profiles, wind shear,
and turbulence for use as inputs to structural and control system design for aerospace vehicles and
missiles. Although not simple, this problem for the larger aerospace vehicles, like the Space Shuttle,
limits itself to a relatively few geographic locations. However, for military missiles and smaller research
rockets, the design must take into account expected conditions at various potential launch sites.

The objective of this work was to develop a data base of paired detailed wind profiles for use
in evaluating STS ascent capability. To insure Shuttle ascent capability through the winds aloft present
on the day of launch, flight is simulated through a sequence of measured detailed wind profiles. Detailed
profiles are required because the Shuttle responds to small-scale wind features that are not present in
rawinsonde data. From the simulations, the wind effects on loads and performance can be predicted.
However, wind measurement and simulation time requirements dictate that the launch decision be based
on a wind measured about 3.5 hr before launch. It is to account for possible load increases due to wind
profile changes during these last 3.5 hr before launch that the data base of paired detailed profiles is
needed.

Inflight winds constitute the major atmospheric forcing function in space vehicle and missile
design and operations. A frequency content of the wind profile near the bending mode frequencies or
wind shear with the characteristics of a step input may exceed the vehicle structural capabilities
(especially on forward stations for the small-scale variations of the wind profiles). Wind profiles with
high speeds and shears exert high structural loads at all stations on a large space vehicle, and when the
influences of bending dynamics are high, even a profile with low speeds and high shears can create large
loads [131.

Because of the possibility of launch into unknown winds, operational missile systems must accept
some inflight risk loss in exchange for a rapid-launch capability. But research and development missiles,
and space vehicles in particular, cost so much that the overall success of a flight outweighs the considera-
tions of launch delays caused by excessive inflight wind loads. If the exact wind profile could be known
in advance, it would be a relatively simple task to decide upon the launch date and time. However, there
is little hope of accurately forecasting the detailed wind profile very much into the future.

Over the years, therefore, emphasis has been placed increasingly on prelaunch monitoring of
inflight winds. Now, finally, prelaunch profile monitoring techniques essentially preclude the risk of
launching a space vehicle or research and development missile into an inflight wind condition that would
cause it to fail. The potential variability of the wind profile up to 12 hr prior to launch plays an
important role in assessments relative to launch decisions.

The FPS-16 Radar/Jimsphere System is routinely used in the prelaunch wind monitoring of NASA

Space Shuttle missions. The accuracy of the highly detailed profile data provided by this system is
discussed by Susko and Vaughan [14]. The resolution of these data permits calculating ‘the structural
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loads associated with the first bending mode and generally the second mode of missiles and space vehicles
during the critical high dynamic pressure phase of flight. This provides better than an order of magnitude
accuracy improvement over the conventional rawinsonde wind profile measuring system.

Beginning about 12 hr before each STS launch, an intensive wind monitoring activity is begun.
During this prelaunch period, load calculations are made at about 3.5-hr intervals for all critical vehicle
structures by means of ascent simulations using an updated wind profile for each case. These calculated
loads are then compared against red-line (upper limit) load values to insure ascent capability. It is in
the establishment of the red-line values that the pairs of detailed profiles come into play. The not-to-be-
exceeded load of each structure must be reduced by some factor, depending upon wind variability, to
account for possible wind profile changes during the time between the last ascent simulation and launch.
At present, this time is 3.5 hr. To determine the amount of reduction required (called “knockdown
load™), each structural load is calculated at frequency altitude intervals from each profile of each pair.
The 99 percent change in load from all pairs has been used as the knockdown load for that structure.

B. System Description

The FPS-16 Radar/Jimsphere System winds data are obtained by a method of tracking a super-
pressure aluminized mylar sphere with the FPS-16 radar., The sphere is a passive target and contains no
instrumentation. The position of the sphere is obtained in space at intervals of 0.1 sec and processed to
obtain wind speeds averaged over approximately 50 m in altitude and given at 25 m altitude intervals.

Because of the low inertia of the halloon (weight of the balloon excluding gas is approximately
400 grams) and high drag characteristics, it responds readily to changes in the small-scale features of the
wind field. This rapid response of the sensor combined with the superior tracking capabilities of the

FPS-16 radar provide wind speeds with an RMS vector error of generally less than 0.5 msec’!. This was
determined from simultaneous radar tracks of the same balloon. Rawinsonde (GMD-1) measured wind
speeds are averaged over approximately 600 m in the vertical direction and have an RMS vector error

ranging between approximately 2 and 15 msec’] depending upon the wind speed. Thus, the altitude
resolution and accuracy of the wind velocity profile as measured by the FPS-16 radar/jimsphere method
are an order of magnitude better than those measured by the rawinsonde system.

The jimsphere wind sensor was used in measuring the detailed wind profiles presented in this
document. The jimsphere (Fig. 3) is a 2-m diameter super-pressure aluminized mylar sphere with 398
conical roughness elements, which are approximately 7.62 c¢cm in diameter at the base and 7.62 cm high,
randomly spaced over the surface of the sphere. The roughness elements, combined with a mass of 100
grams is sewed into the load patch to provide a displacement of the center of mass, aerodynamic
stability, and large drag. Although this design eliminated a large part of the aerodynamically induced
motions, the jimsphere still contains a spiral mode of oscillations with a period of approximately 4.5 sec
as revealed by Doppler radar. The oscillation is not believed to be of significance in measuring winds
for two reasons: (1) the FPS-16 radar does not measure these motions accurately, and (2) the radar
position coordinates are smoothed over 4 sec in time, which would eliminate the spiral motion.

C. Analysis
While the main concern was to develop a data base for the 3.5-hr knockdown loads, it was con-

sidered desirable to develop 7-hr and 10.5-hr pairs since load simulations are performed at those times,
also.
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The following guidelines used in selecting the pairs of profiles were established to insure a valid
and representative data base:

Step 1. Each pair must be separated by greater than 24 hr (to eliminate light or strong wind bias).
Step 2. Each profile must reach greater than 15 km altitude.

Step 3. Eliminate profiles exhibiting excessive noise and wind points,

Step 4. Distribute the number of profiles evenly over months and years.

Step 5. Times between profiles of a pair must be within 1 hr of the specified pair time.

It was immediately apparent that there were not enough profiles to provide a reasonable data
base for each month. All jimsphere profiles are listed in NASA CR-161664 {15]. Consequently, months
exhibiting similar wind profile statistics were grouped according to seasons. Winter included December
15 through April 15, summer extended from June through September, and transition season included
all other months.

The vector wind value at each 25-m interval on each profile was converted to component values
(u and v). Differences (Au and Av) in 3.5-, 7-, and 10.5-hr components were determined, and from these
data standard deviations of the differences (ou and ov) were calculated.

Any particular value of ou and ov may have evolved from several different possible changes in
the profile. Two obvious changes are an increase or a decrease in the wind speed, and/or a change in the
wind direction. To a certain degree, these types of changes, if occurring over a broad enough layer
(several km), may lend themselves to being predicted from analysis of synoptic data. However, predicting
the trend and not the detail is the best that can be expected. Another frequently noted profile change
occurs when a small-scale feature, less than 1 km in thickness, appears to move up or down in location
on a profile thereby creating the effect at a specific location of a decrease or increase in speed and/or a
change in wind direction.

Figure 6 presents ou profiles for the three defined seasons for 3.5-, 7-, and 10.5-hr time changes.
Figure 7 presents ov profiles for the same set of conditions. The curves have been necessarily smoothed
to eliminate profile variations resulting from the sample size. The effect of smoothing is to accentuate
the most important features of the profiles. For example, on Figure 6 the ou values for 3.5-hr changes
are greatest in the winter and smallest in the summer. Also, ou increases in magnitude from about 1 km
altitude to about 12 km and decreases above the peak ou altitude.

ou values for 3.5 hr at 12 km, for example, show an 8 percent increase from the transition case
to the winter case and about an 18 percent decrease from the transition case to the summer case. The
variation is even larger at some other altitudes. The general profile trends and shapes discussed above
can also be applied to ou for 7 to 10.5 hr. In all cases shown, the peak in the ou profile correlates
well with the altitude of the maximum wind speed, and this effect becomes more pronounced as the time
interval increases to 10.5 hr.

ov data shown on Figure 7 reflect similar relationships relative to the seasons and time intervals
as have already been noted for ou. An analysis of ov for 3,5-hr changes, for example, shows that this
standard deviation increases about 12 percent between the transition and winter cases at 12 km altitude
while the change in ov from the transition to the summer season shows a decrease of 17 percent. A
special feature of Figure 7 for the 7- and 10.5-hr cases is that ov increases by as much as 30 percent from
the transition to the winter profile. This is particularly true for altitudes below 12 km. This large
increase does not appear in the ou data. \
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A comparison has been made between the calculated 99 percent 3.5-hr changes in wind speed
components and the 3.5-hr component changes actually observed during the final 12 hr prior to launch
for 10 Space Shuttle missions (STS-2, -3, -4, -5, -6, -7, -8, -9, -11, and -13). An example of jimsphere
data used is presented in Figure 8 as obtained at 0200 GMT, November 12, 1981, during the STS-2 pre-
launch period. Wind speed, wind direction, and in-plane and out-of-plane component profiles utilized in
this research were also used in post-flight evaluations fo all STS missions [16-25].

The in-plane wind component is defined as a wind vector in either the same direction (+) as the
vehicle launch azimuth or in the opposite (=) direction. The out-of-plane component is defined as a wind
component directed either from the right (+) or from the left (-) with respect to the launch azimuth.
The #in-plane or *out-of-plane terms are interchangeable with head (+) or tail (-) wind and left (-) or
right (+) crosswinds, respectively.

The wind component differences (*u or =*v) associated with the referenced STS data set for
A3.5-hr intervals were determined from the appropriate in-plane (Zu) and out-of-plane (#v) data. Figure
9 is an example of a plot of a basic data set. The u and v components are normally defined as east/west
and north/south, respectively. However, operationally the component u is along the flight azimuth and
the v component is perpendicular to the flight path. Seven of the launch studies had a flight azimuth of
approximately 90 deg east of north; however, STS-2 and STS-3 were launched on a 60 deg east of north
launch azimuth and STS-9 was launched 35 deg east of north, Therefore, in only three cases was it
necessary to recompute u and v from the standard meteorological coordinates to take into account the
actual flight azimuth of the vehicle.

Although only the 3.5-hr component differences are of concern to the launch decision process,
the 7- and 10.5-hr differences are also considered because they correspond to important operational
decision points in the countdown. The temporal character of mesoscale perturbations in the troposphere
has been investigated by Vaughan [26]. The 99 percent wind component changes for u and v over
periods greater than 3.5 hr are presented on Figures 10 and 11 to illustrate the rapid increase which can
occur in the wind. These data were calculated from the 1o values of u and v for the 12 km altitude
during the three defined seasons as presented on Figures 6 and 7. Because the wind component changes
can almost double, as seen from a comparison of the 3.5- and 10.5-hr 1o values, it is essential that the
final launch decision relative to ascent loads calculations is made as close as possible to the liftoff time.
This requirement attempts to minimize the load uncertainties due to wind variability. The magnitude of
this wind variability is presented on Figure 11 for the v component during the winter which shows that
at the 1 percent risk level the increase in the 3.5-hr change and 10.5-hr change amounts to almost 78
percent. Vector wind changes over periods greater than or equal to 12 hr have been studied by Adelfang
[27-29]. Vector wind models have been developed which discuss wind shear statistics for both Cape
Kennedy, Florida, and Vandenberg Air Force Base, California [7].

An example of the u and v differences over 3.5 hr given in Figure 9 were compared to the cal-
culated 99 percent values calculated from values in Figures 6 and 7. This particular case, STS-2, shows
the largest 3.5-hr Au component exceedence observed in the 10 cases studied. This STS-2 mission data
case from the transition season produced a 3.5-hr change of 22 m/s in the u component compared to the
calculated 99 percent value in Figure 6 of 9.3 m/s at an altitude of 10,500 m. The v component change
of 11 m/s at 9,500 m for this same case only slightly exceeded the 99 percent value of 10 m/s from
Figure 7. The other 22 observed u and v difference profiles given in the appendix were compared with
calculated 99 percent values from the appropriate seasonal data, i.e., summer, winter, or transition.

A discussion of the actual operational implications of these data is needed. Several factors affect

whether the wind component change is critical to a go/no-go recommendation relative to launch, First,
wind changes are only of critical importance to the Space Shuttle loads calculations in the 6 to 14 km
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layer. Second, a particular wind component change may be important to loads depending on the exact
altitude of occurrence and the severity of the wind speed and shear profiles which existed prior to the
change. Third, if the A change amounts to a large reduction in shear, then the effect may be a relief
in loads rather than an increase. Further, if the large change observed in Figure 9 occurred at an altitude
where the vehicle was not sensitive to this change, then the change will not be a critical factor. Also, if
the change occurs in conjunction with overall wind speed and wind shear profiles which are less severe
than expected, then the effect of a component change greater than the 99 percent value may be mini-
mized relative to load measurements. It is also possible that a wind component change over a relatively
small layer, for example 150 m, may not be important if the vehicle does not respond critically to
wavelengths of this size.

There are 23 cases of u and v profile differences presented; however, it is of value in this study
to concentrate on only the 8 cases which qualify as independent as defined by criteria discussed earlier.
The remaining 15 cases verify data on Figures 10 and 11 relative to time periods greater than 2.5 hr,
It is also seen that small perturbations or gusts which affect one measurement period may ge gone the
next. Gust characteristics have been studied by Adelfang, Evans, and Smith [30,31].

Since the knockdown loads discussed earlier are directly related to wind changes over 3.5-hr
periods immediately prior to launch, it is of importance to choose the L-3.5 to L-0 hr data for analysis.
An example of the knockdown load effects is presented on Figure 12. The effect of wind change on the
overall load calculations for a particular element on a vehicle is considered along with other effects
unrelated to wind. The value of each individual effect is evaluated with many other effects using the
root-sum-square procedure. Therefore, an increase of 60 percent, for instance, in the wind component
effect in this example, results in only a 19 percent increase in total loads in this example. However, the
wind variability is still the only real-time change affecting loads calculations and is, therefore, of great
importance to the launch decision process.
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An analysis has been conducted in which the appropriate 99 percent values were compared with
individual 3.5-hr differences of u and v components. Results indicate that exceedence of the 99 percent
values occurred in STS-2, -5, and -11. However, only in the Au component was the exceedence con-
sidered significant. Both the STS-5 and STS-11 cases were examples of relaxation or relief in shear,
thereby, producing potential load relief. Diminishing shear magnitudes, however, caused by either wind
speed or direction changes from one time period to the next do not always produce potential relief of
ascent loads. Sometimes a reduction in the component profile at one altitude produces greater shear
values in the layer immediately above or below by adding to existing shears. No significance can be
attached to a find that only one exceedence in the Au component and none in the Av occurred in the
10 shuttle cases. Overall confidence in the values selected for calculating knockdown loads may improve
when either the 50 sample per season statistical base is increased and/or the statistical sample of actual
launch cases increases significantly.

This research effort will be expanded to cover the Vandenberg Air Force Base, California, Space
Shuttle launch site. Comparisons will be made between the Kennedy Space Center and Vandenberg
Air Force Base wind component changes determined from comparable wind profile pairs of data sets.

IV. CONCLUSIONS

1) Jimsphere/FPS-16 radar high resolution data used for this research contain the detail and
accuracy required to determine wind component change statistics which can be used in space vehicle
ascent capability studies.

2) There is significant variability in the u and v wind components observed at intervals of 3.5 hr,
7 hr, and 10.5 hr for the defined seasons at Kennedy Space Center, Florida.

3) The u and v wind components can vary during a period of 3.5 hr by more than 20 percent
when comparing the transition season to the winter season. Somewhat smaller changes occur between
the transition season and the summer season.

4) The largest component wind changes occur where the strongest wind magnitudes are present
in the winter at approximately the 12-km altitude. At that altitude, for example, there is a 1 percent
risk that the u wind component speed will exceed approximately 10 msec! in 3.5 hr.

5) At the 1 percent risk level the difference between the 3,5-hr and 10.5-hr winter v component
change is almost 80 percent.

6) Only one of ten STS launch cases studied produced a significant wind component exceedence
at the 1 percent risk level.

7) Since current Space Shuttle knockdown loads calculations are based on transition season data,
the seasonal differences shown by this research should be further assessed for potential impact to knock-
down loads and prelaunch loads simulation results.
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APPENDIX

Figures A-1 through A-66 are additional data used in the analyses of wind profile pairs in this
investigation.
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in-plane and out-of-plane wind components, 1130 GMT November 12, 1981.
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Figure A-5. STS-3 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0200 GMT March 22, 1982.
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Figure A-6. STS-3 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0430 GMT March 22, 1982.
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Figure A-7. STS-3 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0800 GMT March 22, 1982.
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Figure A-8. STS-3 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1230 GMT March 22, 1982.
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Figure A-9. STS-3 prelaunch/launch jimsphere profiles of wind speed, wind direction,
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Figure A-10. STS-4 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0100 GMT June 27, 1982.
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Figure A-11. STS-4 prelaunch/launch Jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0330 GMT June 27, 1982,
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Figure A-12. STS-4 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0745 GMT June 27, 1982.
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Figure A-13. STS-4 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1130 GMT June 27, 1982.
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Figure A-14. STS-4 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1515 GMT June 27, 1982.
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Figure A-15. STS-5 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 2219 GMT November 10, 1982.
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Figure A-16. STS-5 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0019 GMT November 11, 1982.
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Figure A-17. STS-5 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0504 GMT November 11, 1982,
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Figure A-18. STS-5 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0849 GMT November 11, 1982,
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Figure A-19. STS-5 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1235 GMT November 11, 1982,
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Figure A-20. STS-6 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0430 GMT April 4, 1983.
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Figure A-21. STS-6 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0630 GMT April 4, 1983.
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Figure A-22. STS-6 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1145 GMT April 4, 1983.
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Figure A-23. STS-6 prelaunch/launch jimsphere profiles of wind speed, wind direction,

in-plane and out-of-plane wind components, 1515 GMT April 4, 1983.
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Figure A-24. STS-6 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1845 GMT April 4, 1983.
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Figure A-25. STS-7 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 2133 GMT June 17, 1983.
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Figure A-26. STS-7 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 2333 GMT June 17, 1983.
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Figure A-27. STS-7 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0418 GMT June 18, 1983.
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Figure A-28. STS-7 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0803 GMT June 18, 1983,
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Figure A-29. STS-7 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1150 GMT June 18, 1983.
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Figure A-30. STS-8 prelaunch/launch Jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1750 GMT August 29, 1983.
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Figure A-31. STS-8 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 2300 GMT August 29, 1983.
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Figure A-32. STS-8 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0702 GMT August 30, 1983.
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Figure A-33. STS-9 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0300 GMT November 28, 1983.
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Figure A-34. STS-9 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0845 GMT November 28, 1983.
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Figure A-35. STS-9 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1230 GMT November 28, 1983.
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Figure A-36. STS-9 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1615 GMT November 29, 1983.
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Figure A-37. STS-11 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0000 GMT February 3, 1984,
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Figure A-38. STS-11 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0545 GMT February 3, 1984.
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Figure A-39. STS-11 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0930 GMT February 3, 1984,
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Figure A-40. STS-11 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1320 GMT February 3, 1984.
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Figure A-41. STS-13 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0058 GMT April 6, 1984.
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Figure A-42. STS-13 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 0643 GMT April 6, 1984, ;
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Figure A-43. STS-13 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1028 GMT April 6, 1984.
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Figure A-44. STS-13 prelaunch/launch jimsphere profiles of wind speed, wind direction,
in-plane and out-of-plane wind components, 1413 GMT April 6, 1984.
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Figure A-45. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0200 GMT and 0430 GMT
November 12, 1981, during NASA’s STS-2 countdown.
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Figure A-46. Jimsphere-measured wind component changes (u,v) observed at

ALTITUDE (m)

Kennedy Space Center, Florida, between 0430 GMT and 0800 GMT

November 12, 1981, during NASA’s STS-2 countdown.
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Figure A-47. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0800 GMT and 1130 GMT
November 12, 1981, during NASA’s STS-2 countdown.

18000

20000

83



V DIFFERENCE (m/s)

U DIFFERENCE (m/s)

30T | IRANLALINE IR A SN R S At N N B BN L N NN BN N LN B N SN B B N B A
20} -
10} =

o ey o [\ /\/\/\/V\/\/\/\/

o v g
—10} -
—20} -
-30La [ ENER T B RSN T NS O 2 BN ST AU BT T I e 111 ,

0 2 4000 6000 8000 10000 12000 14000 16000 18000 20000

ALTITUDE (m)
30 L l L ] | . I LR ] I | BN A | ' LR | l LR ' 11 I LR l T 1T 7
20+ -
10} -
0 A~ A ST~
NN 7 , N

—20} -

_30 i A1 1 ] l 1 1 1 I 1 1 1 l 1 L 1 l 1 ) & i l 1 i L ] 1 1 1 l Il 1 1 1 1 4 'l l 5 i 1 ]

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

ALTITUDE (m)

Figure A-48. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 1230 GMT and 1417 GMT
March 22, 1982, during NASA’s STS-3 countdown.
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Figure A-49. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0200 GMT and 1430 GMT
March 22, 1982, during NASA’s STS-3 countdown.
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Figure A-50. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0430 GMT and 0800 GMT
March 22, 1982, during NASA’s STS-3 countdown.
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Figure A-51, Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0100 GMT and 0330 GMT
June 27, 1982, during NASA’s STS-4 countdown.
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Figure A-52. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0330 GMT and 0745 GMT
June 27, 1982, during NASA’s STS-4 countdown.
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Figure A-53. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0745 GMT and 1130 GMT
June 27, 1982, during NASA’s STS-4 countdown.
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Figure A-54. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 1130 GMT and 1515 GMT
June 27, 1982, during NASA’s STS-4 countdown.
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Figure A-55. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 2219 GMT and 0019 GMT
November 10 and 11, 1982, during NASA’s STS-5 countdown.
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Figure A-56. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0504 GMT and 0849 GMT
November 11, 1982, during NASA’s STS-5 countdown.
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Figure A-57. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0849 GMT and 1235 GMT
November 11, 1982, during NASA’s STS-5 countdown.
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Figure A-58. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0430 GMT and 0630 GMT
April 4, 1983, during NASA’s STS-6 countfown.
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Figure A-59. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 1145 GMT and 1515 GMT
April 4, 1983, during NASA’s STS-6 countdown.
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Figure A-60. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 1515 GMT and 1845 GMT
April 4, 1983, during NASA’s STS-6 countdown.
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Figure A-61. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0803 GMT and 1150 GMT
June 18, 1983, during NASA’s STS-7 countdown.
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Figure A-62. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0845 GMT and 1230 GMT
November 28, 1983, during NASA’s STS-9 countdown.
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Figure A-63. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 1230 GMT and 1615 GMT
November 29, 1983, during NASA’s STS-9 countdown.
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Figure A-64. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0930 GMT and 1320 GMT
February 3, 1984, during NASA’s STS-11 countdown.
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Figure A-65. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 1028 GMT and 1413 GMT
April 6, 1984, during NASA’s STS-13 countdown.
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Figure A-66. Jimsphere-measured wind component changes (u,v) observed at
Kennedy Space Center, Florida, between 0643 GMT and 1028 GMT
April 6, 1984, during NASA’s STS-13 countdown.
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